Robust Image Composition Algorithms for Augmented Reality by Berger, Marie-Odile & Simon, Gilles
HAL Id: inria-00098688
https://hal.inria.fr/inria-00098688
Submitted on 26 Sep 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Robust Image Composition Algorithms for Augmented
Reality
Marie-Odile Berger, Gilles Simon
To cite this version:
Marie-Odile Berger, Gilles Simon. Robust Image Composition Algorithms for Augmented Reality.





















































































































 &n¬=®/.E©<-T©) ©>°.E©>°6¯@)+* 
©A¬*­/. -¬ª« #¬ª«)+* &<@!T° .E©j« )©>°¬ª¨
 "! Üç 1$ßªåCä$#=åCäàâè>ä-àç/ã
	 N)J67+367¼CN4º)7C3· 1wMONE»>FL²6J*²6N&¼CN)M&´>»>²7²6³>73N)²:14²658NEF&%Ù14F><²6³>7+²63:14F>J?R14²658NEF('¶*³>58¼:³
M1w´X²6³¥7 ¶TNE36?8<n¼CNLN)3<>58F14²7 J6·LJ6²7CM NEFÁ²6³¥7 ¼-14M&7C3p1¼NaNE36<>58F1w²67 J·LJ6²67M¸½*)+%-,.'0/58J
367C´¥367CJ7CFL²67C<ÍL·1 ´1w3p1wMO7C²7C36J32546) 287:999 2<;./ ½ >NE35354EÒ6(´/N)58FL²A¼CNE3637CJ6´/N)F><¥7CF>¼C7CJ¹ª1
¼C?R14JJ658¼-14?¤¶*1·²6N¼N)MO´¥»>²67=²6³>7´/N)J7H5IJ*²NMO58F>58M5C7B²6³>737C´>3N-Û:7C¼C²58N)F 7C336NE3
=?>@(ACB DFEG 4 =?>@(ACB H<IJ= G ,2 DFKMLI %N GPO 'RQSQ
±[²*58J*¶T7C?8? ÃaF¥N4¶*F²³14²*²³>7?87-1wJ6²AJ × »14377CJ6²58M14²58N)FO58J*F>NE²*36NEÍ>»>J6²=²6NF>NE58J67Í/7C¼-1w»>J67
²6³>7=?R1436DE7C3B²6³>7H367J658<>»1w? D G 58J-¹L²³>7A?R143D)7C3*58JB58²6JB5IFUT»>7CF>¼7NEFO²³>7H7CJ6²5IM14²7)½)¾$N²:14¼:ÃL?87
²6³>58J58JJ6»>7)¹$J²p1w²658J6²5I¼5¢1wF>J+³1º)7J»>D)DE7CJ6²7C<nM14FL· 3N)Í>»¥J6²+7CJ6²5IM14²N)36J½È=MONEF>D²6³>7CM¹
²6³>7*²[¶BNHMONEJ6²$´NE´>»>?R143ª1w367*²6³¥7A07CJ6²5IM14²N)3ª14F><+²6³¥7 ¤7-1wJ6²*07C<>5R14FK × »1w367*MO7²6³>NL<
Ç  0 K>ÊHÏÓ ½L¾*³¥7 0 K&M&7C²6³>NL<¼CNEF>J658J6²JH5IFM&5IF¥5IM&5C58F>D²6³>7M&7C<>5R14F&N4µª²6³¥7J × »/14367<
367CJ58<>»14?8J	








 B G 7 IJD G QM, Ç6Ð-Ê
¶*³>7C37  58JA1+¼CN)FL²658FL»>NE»>J-¹LJ·aM&MO7C²3658¼Bµ»>F¥¼C²658N)F¶*58²6³M&5IF¥5IM+»>Mº)1w?I»¥7Ø1w² C7C3N½Kj»>¼:³7CJ6²58M14²N)3Jª´>36N4ºE7H²6N+Í7H¶B7C?8?¤J6»>58²67<²N¼-14J7CJA¶*³¥7C367H²6³¥73:14²7N4µ$N)»>²?I587C3JT58J*14´>´¥36N4ÆL5ï9
M1w²67C?8·?87CJ6J=²6³1wF½>¾ª14Í¥?I7Ð?I58J²6J*²6³¥367C7¼CNEMOM&N)F>?ï·»>J7C<  µ»>F¥¼C²658N)F¥J14F¥< ²6³>75I3<>7C35Iº)1w²658º)7E½-È=MONEF>DA²³>7CJ67=7CJ6²58M14²N)3J-¹J6NEMO7*14367*M&N)37ª367CJ²635I¼²658º)7=²6³1wFN)²6³¥7C36Jð)¶*³>7F
¾$»>Ã)7C·¤Ì J¤58F T»>7F>¼C7Bµ»>F¥¼C²658N)F5IJ FL»>?8?4µNE3367J658<>»1w?IJ$?R143D)7C3 ²6³1wF1*²³>367J6³>NE?I<4¹F*14»¥¼p³L·¤Ì J
58F T»>7CF¥¼C7367CM1458F>J*?R143D)7C3H²³14F C7C3N ¶*³>58?87<>7¼C367-1wJ658F>D/¹¤¶*³>7C37-14J =»>Í/7C3-Ì J58F T»¥7CF>¼C7
367CM1458F>Jª¼N)F>J²p14FL²½
 L "!E$#$EZ6`:`*pYHHYC^E{+ua[`:v%+e`p[y]{H\y[YCZ6:&$')(+* ,.-/10 2-/10354.6+*879;: <>= / =@?BA: <>= / =@CBA 9 /EDGF EA - = / =IHJA F E 0 9 /A$KMLON)P -Q/E0R5SG4UTWV)' X DDZY [)\;] 7_^`+a X@b DGc ade ` a X b D&4UfG*8'9;: <>= / =@?BA: <>= / =@CBA g X Dhji 7 H ] 7 H `+a X b D8clknmA D F ; g / ] 7 H `@a Xob Dnc Dp
 q r Üç 1$ßdåä  9çts¤ä-è Ýus¤ä-è¥ä-à[åCäà[ê4è>é





yx G Í71+Ò6 ¼C»>3º)7)¹¥<>7CJ6¼3658Í7<¸ÍL·²6³¥7¼:³1458FONwµTÒ6(´/N)58FL²6J z N GW{ |} 7 ? | ?5~  G Í/7²³>7´>3N-Û:7C¼²658N)F Nwµ x G 58F²³>758M1wD)7=´>?R14F>7)¹¥<>7CJ¼C3658Í/7C<¸ÍL·²6³¥7¼:³1458FN4µ36´NE58Fa²J z = G{ | } 7 ? | ?M~  ¹¥¶*³>7C367 = GW{ | 4 DFKMLI N G{ |3O Q
  G Í7+²6³>7+<>7C²7C¼C²7C<X¼C»¥36º)7ÇR²3p1w¼pÃE7C<¼C»>36ºE7-ÊH¼CNE3637CJ6´/N)F><¥5IF¥D²N x G ¹/<>7CJ6¼3658Í7<Ía·²6³>7¼p³/1458FONwµ 36 ´NE58Fa²Jz =  GW{ | } 7 ? | ?M~  ½
È J58MO´>?87AJN)?8»>²5INEFO¶BN)»>?8<&Í7H²6N´/7C3 µN)3M 1+NEF>7HJ6²p1wD)7HMO58F>58M5-1w²658N4F
	
 B G{ |  IH G{ | Q Ç 3)Ê












 5IDE»>367 3¥½ </ÊC¹L¶*³>7C37-14JH²³>7D)?8NEÍ14?/J6²:14D)7<>58J6¼-1w36<>J=²6³>7 !"#
 $%&!'s¹(%&)&)/¼CN)FL²6NE»>36J
¶*³>58¼:³Ø1w367B¼CN)M&´>?87C²67?I·=7C363N)F>7N)»>J¹-NE3¶*³>58¼:³¼CNEFL²p1458F²NLNA?R143D)7ª1*´/N)3²658N)FNwµ>7C363N)F>7CNE»>J
´NE58Fa²JÇ¢µ7-1w²6»>37Ñ+N)F 58DE»>367 3>½ <Ê½
 $Ýéçê4è¥éñåä-è Ý¾*³>7 1458M N4µ²³>58JOJ²p14DE7 58J²6N37C<>»>¼C7²6³¥7 58F T»>7CF¥¼C7¸Nwµ7C363N)F>7CNE»>JJ67C¼²658N)F>J&N4µ²6³¥7
µ7-1w²6»>37CJ-ðL²N´73[µNE36M²³>58JT²:14J6Ã¤¹L²³>7A37CJ658<>»1w?¤7C363N)3 D G N4µ$¼C»>36ºE7 x G 5IJB¼CNEMO´>»>²7C<ÍL·O136NEÍ>»>J6² µ»¥F>¼C²658NEFNwµÚ²³>7T<¥5IJ²p1wF>¼C7CJ;z H G{ |} 7 ? | ?M~  ½4Ô7B»>J7*²6³>7*0&9[7CJ6²5IM14²5INEF²67¼p³¥F>5 × »¥7
ÍL·O²p1wÃL5IF¥D D EG 4 7~ +* ~  |+ 7  IJH GW{ | QC½¤KL58F>¼C7+²6³¥5IJ=7CJ6²58M14²7M»>J²*F>N)²=Í7+²6NLNO37CJ6²3658¼C²5IºE7)¹¶T7=³1º)7=³>7CF>¼7¼:³>NEJ67CF =»>Í73-Ì JBµ»>F>¼²658N)F µN)3B²6³>7H?8NL¼-14?/J6²:14DE7¹L¶*³>58¼:³O³1wJT´¥36N4º)7<²N
Í71+DENaNL<&¼p³¥N)58¼C7H58FNE»>3*7CÆL´/7C3658MO7Fa²JHÏ,Ó6½
 $Ý /éç1$è>éTåäèÝ¾*³>58JJ6²:14D)7Öì²6J&²6³>7 ²3p1w¼pÃE7C< 3µ7-1w²6»>37CJO²N²6³>72´>36N-Ûs7C¼C²658NEFÁN4µ²6³¥7¸Ò6 µ7-14²»>367J-¹





14´>´¥?I58¼-1w²658N)F ð¤²6³>725I?8?8»>M&5{F1w²658N)F Nwµ²³>7 Í>35I<¥D)7CJNwµ 	$1435IJÏ{ÒÓ ½ ¾*³>7 1458MÕ¶*14J²6N²67J6²
J67CºE7C3p1w?¤¼-14F¥<>58<14²7A58?8?I»¥MO58F14²5{NEF´>36NÛ:7C¼C²JBµN)3*1HFL»>MÍ/7C3TNwµÍ>3658<>DE7CJBN4µ²6³¥7ØKj7C58F>7)½LÔ7
²6³>7367:µNE367=¶ñ1wFa²f²6N37C´>?R14¼C7=²6³>7=Í>3658<>DE7*58F²6³>7=J67 × »>7CF¥¼C7H¶*5I²³58²6Jª?858D)³L²658F>DHJ5IM»¥?¢1w²658N)F ½
È¡Ò6==9[5IM14DE7*´14F>NE3p1wMO58¼AJ7 × »>7CF>¼C7+N4µª²³>7 	 NEFa².-=7C»LµT¶*14J=J6³>NE²A14²=<>»>J6Ã²5IM&7*µ3N)M
14F>NE²6³>73AÍ>35I<¥D)7)½/@B7C¼-14»¥J67²6³¥758M14DE7CJA1437</1436Ã 1wF>< F>NE5IJ·a¹LNEF>?8·1 9I+¼C»>36ºE7CJH¼-14FÍ/7
²63:14¼:Ã)7C<À58FX7-1w¼p³¿µ3p1wMO7 Ç258DE»>367 3>½ ÍÊC½ ¾*³>7&J6N)?858<?858F>7CJ+¼CN)3367CJ´NEF><n²6N²6³>7²63:14¼:Ã)7<
36 µ7-1w²6»>37CJ-¹ ¶*³>7C37-14J²6³>7<1wJ6³>7<¸?858F>7CJH¼CNE36367J6´/N)F><À²6N²6³>7´¥36N-Û:7¼C²658N)FN4µ*²6³¥7¼CNE3[9
367CJ´NEF><>58F>DMONL<>7?¤µ7-1w²6»>37CJOÇVÍ>?R14¼:Ã5IJH»>J7C<2µN)3H²6³¥7µ714²6»¥367CJ¶*³¥5I¼:³¸1w367+F>N)²=9A·E7C²=9

































/¥#¤`:=>YCZ6\LZ6`p]{[yZ6\y]{YC^+RYCZyL` y ]{H\-`R\v)`ªH\8£ } R`:\-yuEZ6`:¤£>`¢YZ6`
yZ6\- 4]_^a8]{H\-`=mpo	R #/Z6\- 4]_^a*]_^+]{H\-`HmC}8)Z6Y[`p:y]{Y^aªY¤ya`¿¢`:\yu)Z6`:$\CZ6`ByaY[`
YC/]{H\-`m:o	 Rv$SªY£)ua[yf>Y-[`*:Y=)uay[\y]{Y^




















58F>D²³>7+7C´>58´NE?R143*¼CNEF>J6²3p1458FL²-½¥¾$¶TN¼CNE3637CJ6´/N)F><¥5IF¥DO´/N)58FL²6J1w367<¥7CF>N)²7C< ÍL· IJ= 7 , = E Q58FO²6³¥7J7 × »>7C?[½
¾*³>7*³>7-1w36²ªNwµÚNE»>3$J6·LJ6²7CM58J$²6³>7*?R14Í/7C?858F>DHJ6²:14D)7B¶*³>58¼:³O14?8?8N4¶*J7-1w¼:³¼CN)FL²6NE»>3ª´/N)58FL²





²6³>58J*1458M¸¹E?87C²*»>J*<>7sìF>7 d Ç  58D½>ÒEÊCð
  d 2 DFKML D IJ= / / , = /,  Q
¶*³>7C37 = 7 4 I= / / , = / QH14F¥<?2 DFKML D 58JA²³>7+´>36N-Ûs7C¼C²658NEF¸58F 58M1wD)7 E ½/±[²=¼-14F7-14J58?I·Í7+J677CF¸²³14²  d I  Q=¼-1wF¸Í/77Æa´¥367CJJ67C<n14J1wF¸³¥N)MONED)3:14´>³>58¼tµ»>F>¼C²58N)F Nwµ  ¶*³>N)J7¼CNL7:íO¼C587CFL²6J+<>7C´/7CF><nNEFX²6³¥7O¼-1w?I58Í>3:14²5INEF´>36NL¼C7J6J1wF><N)FÀ²6³>7&58M14DE7´/N)58FL² = 7 ½ Ô7
³1º)7
= E 4 d I   ~ Q"! @ H =$#&% | 4 d I  #'% | Q































































Z6YC£L\C£E]__]{y&\C^Lv%\-yL`:\y]{:\Chwy[\-y]{[y]{::>2]_{`:-i m* l 04
*EYG=h]{HYC^ \^av	% e=>k$`Z6-`ZC*UÁyYe[y[\-`=Z6Y£)uL[y*[y[\-y]{[y]{:\dH`:yaY4v RYCZ*y[`:A>YZ6\C
Z6`:]{[yZ6\-y]{Y^O8Z6Y(R`p\yu)Z6`:ªYC\Z[]{YCuL*y>`P¢^U68)	s@t19u1B3m>1dk"6TNg1!>.(i)m.*/* l 
mpoEñcñ#¤Y-H\]>\C^Lv#*1]*\^a\v)`ha\j`*\^av %Yy]{YC^+8Z6Y-PRH\-`*h4yZ6`:\H$u)^Lv)`ZYfZ6yaYe
Z6\));>UÀL\-:y[YZ[]Avp\y]{Y^"%`:yaY4v¥+6<;	>i* }-ïm10F,amCrC|Ei/m*@*}w
m-m %WwT`^aYa\Z6\H\C^Lv#t]*\C^L\-vE`Ú~f]{]{Y^£a\[`pv+Y£ [`p:y$Z6`:]{[yZ6\-y]{Y^RYCZfZ6`p\y]{H`f]{\`
Y-`Z[{\CLr<11-TN>@?9Exoy1BzLfE=+!TVu!@?AK1d3>1T;g`ag1 bT;:iLm.*/*qE
